Introduction
One of the priority science questionsin the design of the Tropical Rainfall Measuring Mission (TRMM) was "What is the diurnal cycle of tropical rainfall and how does it vary in space?" (Simpson et al. 1988 TRMM's orbital period and swath width with the earth's rotation. In this study, we examinethe temporalsamplingof a tropicalregion,the AmazonBasin,using threeyears (1998) (1999) (2000) of observations from boththeTRMM TMI andPrecipitationRadar(PR). We aremotivatedby the needto verify andinterpretthe estimatesmadeby geosynchronous, infrared (IR) techniques, suchasthosedescribed by Anagnostou et al. (1999) or Negri et al.
.
Data
The data used in this study come from a dataset designated 3G68. This dataset is processed at 0.5°resolution globally and at 0.1°resolution over Africa and South America.
It contains gridded values of the total pixels (footprints), rainy pixels, mean rain rate and percentage of convective rain from the PR algorithm 2A25 and the TMI algorithm 2A12 (Kummerow et al. 2000) . Figure 1 shows the results from three years (1998) (1999) (2000) of PR (top) and TMI (bottom) sampling at one hour of local time (00-01 LT) at the 0.5°resolution of the 3G68 dataset.
Results

a. Sampling patterns
(The color scale was chosen to highlight tropical sampling at the expense of the higher latitudes). Note theabsence of PR data over Australia due to intergovemmental agreement.
Periods of low coverage(e.g., 11-16 LT, in which only descendingorbits are present) alternatewith periods of higher coverage(e.g., 18-22LT). At a height of 350 km, the ascending orbit will revisitanareaatapproximately thesamelocal timeaboutevery46 days.
Figures3 and4 display,respectivelythehourly PRandTMI samplingat0.1oresolutionfor
oneyear (2000) . Thenumberof PR samples rangesfrom zeroto 10,with a meanof five.
It is apparent thatneighboring5°x 5°areas experience quite different sampling, and that several small regions receive no coverage at certain hours. The sampling pattern repeats over a four-hour period, as is evident by scanning vertically down any column of plotted data.
This phenomenon turns out to be intrinsic to a satellite orbiting at this altitude, and will be discussed later. The TMI sampling (Fig. 4) has the same checkerboard pattern as the PR, but with greater sample numbers due the wider TMI swath. The number of observations ranges from 8 to 23 with a mean of 15.
In Figure 5 , we explore PR sampling accumulated for periods from 1 to 6 h (plotted vertically) and for one year (2000) and three years (1998) (1999) (2000) (plotted horizontally). The parameter sigma/mean mapped in Fig. 5 Figure 6 shows the results of accumulating the TMI data in the same fashion. Despite the increased sampling, the pattern is the same as the PR, and again varies least for accumulations of four hours. The expected poleward increase in TRMM sampling is particularly evident in the 3-year patterns, especially for 4-hour accumulation times, when the pattern is smoothest.
We concludethatto eliminatehourly variationsin the samplingpatternrequiresthe accumulation (or averaging) overfour hoursof local time. We next demonstrate the effect of thesepatternson theestimationof thediurnalcycleof precipitation.
b. Diurnal cycles of precipitation
In Figures 7-9 , we show the diurnal cycle of precipitation for the three boxes delineated in Fig. 1 . Figure 7 shows the results for a 5°x 5°area over land (5-10°S, 65-70°W) using three years (1998- orbits before, a change of only a fraction of 1 km will produce a significant change in the situation and destroy the repeat cycle.
To illustrate this sensitivity further, we show in Fig. 11 the sampling density predicted by the orbital model, plotted analogously to the earlier figures, for an orbital altitude of 350.0 km. Figure 12 shows the corresponding sampling density for an altitude of 349.7 km. A decrease of only 0.3 km results in a completely different sampling pattern.
The pattern seen in Fig. 10 explains why averaging the data over 4 h produces uniform sampling at all longitudes, since the pattern repeats 6 times in 24 hours.
To get a more general view of how the diurnal sampling changes with satellite altitude, the orbital model was again used. We wish to know how much time it would take an instrument like the PR, which scans side to side over an angle of about 34.8°, to see every point near the equator at least once during each hour of local time, as a function of the altitude of the satellite. To simplify the calculation, rather than compute the time required for full coverage, we instead compute the time required for the PR to observe every point along the equator between two swaths that have just been viewed by the PR in successive ascending orbits. The observations filling in this gap, in order to count, are required to fall within a half-hour (local time) of the time of the original swaths that define the observational gap. The time to fill in the gap between two successive ascending orbits, though not quite as easy to interpret as the time for full coverage, is probably representative of the amount of time involved in obtaining full coverage. It is an approximate lower limit for the time. Figure 14 shows a plot of diurnal coverage time for altitudes around this new operating altitude and Fig. 15 shows the sampling density predicted by the orbital model. In reality, the TRMM satellite is constrained to altitudes 402.5 + 1.5 km, so we would expect the observed sampling pattern to be slightly different.
Conclusions
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